We have developed a quantitative computerized subtraction technique to demonstrate in rat brain the regional distribution of #1 sites, a common very-high-affinity binding site for both morphine and the enkephalins. Autoradiography provides an effective means to accurately map opiate-binding sites within the rat brain and correlate their distribution with brain regions known to mediate opiate actions (1-6). In addition, autoradiographic studies have greatly strengthened the suggestion that there are distinct ,u and 8 receptors (7-9), by demonstrating their unique regional distributions within the brain (10, 11) . Recently, we proposed that morphine and the enkephalins label three, not two, subpopulations of sites (12, 13) . In addition to the enkephalinpreferring 8 sites and the classical morphine-selective (p.2) sites demonstrated in the guinea pig ileum (7, 14) , there is a common site (p.l) to which both morphine and the enkephalins bind with very high affinity. This p.l site, corresponding to the high-affinity site identified in 1975 (15), differs from the pU2 and 8 sites developmentally, phylogenetically, biochemically, and pharmacologically, playing a major role in a number of important opiate actions, including supraspinal analgesia, but not in others, such as respiratory depression and most signs of physical dependence (12) (13) (14) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) .
[3H]dihydromorphine.
Autoradiography provides an effective means to accurately map opiate-binding sites within the rat brain and correlate their distribution with brain regions known to mediate opiate actions (1) (2) (3) (4) (5) (6) . In addition, autoradiographic studies have greatly strengthened the suggestion that there are distinct ,u and 8 receptors (7) (8) (9) , by demonstrating their unique regional distributions within the brain (10, 11) . Recently, we proposed that morphine and the enkephalins label three, not two, subpopulations of sites (12, 13) . In addition to the enkephalinpreferring 8 sites and the classical morphine-selective (p. 2) sites demonstrated in the guinea pig ileum (7, 14) , there is a common site (p.l) to which both morphine and the enkephalins bind with very high affinity. This p.l site, corresponding to the high-affinity site identified in 1975 (15) , differs from the pU2 and 8 sites developmentally, phylogenetically, biochemically, and pharmacologically, playing a major role in a number of important opiate actions, including supraspinal analgesia, but not in others, such as respiratory depression and most signs of physical dependence (12) (13) (14) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) .
Homogenate binding studies reveal a heterogeneous distribution of Al sites in rat brain (31, 35) , but they lack the necessary detailed resolution. Autoradiography, on the other hand, faced a number of difficulties, including the lack of a ligand that could selectively label pul sites. Competition approaches can selectively inhibit p,1 binding, but visualizing the lost binding is difficult. Moskowitz and Goodman utilized grain counting in several regions of mouse brain to determine levels of /u1 binding (36, 37 (1 ,uM) . A section from each group was stained with hematoxylin and eosin for use in identifying anatomical regions. Slides were washed twice for 5 min each in Tris buffer (0°C), dipped once in distilled water, dried with a stream of cold dry air, placed in an x-ray film cassette along with sections containing known concentrations of tritium (dpm/mg of tissue, dry weight), exposed to LKB Ultrofilm at 4°C with desiccant for 6 months, and developed. Standards were prepared as previously described (39) .
The autoradiographs of the tissue sections and standards were digitized by using a Vidion-based EYECOM II image processing system linked to a PDP11/23 computer. Multiple standards on each film varied by less than 5%. The correlation of optical densities of the standards to their activity levels (dpm/mg of tissue) were fit to a polynomial equation and used to calculate the concentrations of radioligand in the tissue sections (fmol/mg of tissue). Selected regions of the experimental sections were identified on adjacent sections stained with hematoxylin and eosin. Results represent averages of values determined in two to four areas of two sections of a rat brain. Similar relative values were obtained in a second rat brain.
For digital subtractions, images were aligned and all optical densities were converted to activities (dpm/mg of tissue). Pixel-by-pixel subtractions of the activities were then performed and the differences were converted back into optical densities and displayed as a separate image. All images represent only specific binding. Images of i,, and /2, li, and
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RESULTS
Homogenate binding studies have suggested that morphine and the enkephalins bind to three sites: (i) the morphineselective A2 site, (it) the enkephalin-selective 8 site, and (iii) a common, very-high-affinity, Al site (Fig. 1) . To establish the regional distribution of each of these sites, we used several binding conditions. First, we measured the total binding of each radioligand as well as nonspecific binding, defined as the labeling remaining in the presence of levallorphan ( (10) . Relatively high levels of binding were observed in lamina IV of the cortex, the clusters and subcallosal streak of the striatum, the nucleus accumbens, the medial thalamus, hypothalamus, amygdala, periaqueductal gray, medial habenula, superior colliculus, and the median raphe. Quantification of binding in these regions is presented in Table 1 .
To determine the separate distributions of Al Images were quantified and the appropriate subtractions were performed as described in Methods. Values represent the mean ± SEM of specific binding for n determinations.
correlating quantitative levels of A binding determined with the two radioligands in the various regions (Fig. 3) . The levels of tLj labeling correlated quite well (r2 = 0.8), with a slope (1.2) near unity.
DISCUSSION
Binding experiments have identified a very-high-affinity site labeled by both morphine and the enkephalins more potently than the sites selective for either compound alone (12, 16, 17, 19, 32, 33) . Pharmacological studies have implicated tL1 sites in a number of opiate actions, including supraspinal analgesia (12) (13) (14) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) . We therefore wanted to determine if Lu sites were localized to brain regions known to be important in opiate analgesia, such as the periaqueductal gray. In addition, we wanted to determine if both tL and 8 3H-labeled ligands yielded the same distribution of tL1 sites within the brain, as predicted by our hypothesis of a common site for both classes of compounds. The lack of a radioligand able to selectively label ul sites coupled with their low density within the brain presented problems. Competition studies can selectively inhibit the tL1 binding of either 1L or 8 radioligands relatively selectively, but to generate an image of these sites, we had to develop a computerized pixel-by-pixel subtraction technique.
The hypothesis of a common site for both morphine and the enkephalins predicts that radioligands from either the g or the 8 class should be able to label ,l sites equally well. We therefore examined ul binding by using the 1L [3H]dihydromorphine binding in the nucleus of the diagonal band (36%), striatal patches (64%), the nucleus accumbens (67%), the central nucleus of the amygdala (49%), the ventral periaqueductal gray (55%), and laminae I/II ofthe spinal cord (62%). These values are very similar to ours. Although the general distributions of ul and J2 sites appear quite similar in the computer-generated images, these regional differences support the concept of a distinct receptor subtype.
